The taxonomic status of the 2 morphologically distinct forms of Dall's porpoises, Phocoenoides dalli (dalli-and truei-type) remains unresolved. To address this uncertainty, mitochondrial DNA (mtDNA) sequences were used to estimate phylogenetic relationships between the 2 types and, in conjunction with microsatellite markers, to test genetic differentiation between truei-and dalli-type populations. Twenty-three truei-type and 113 dalli-type specimens were sequenced for 379 base pairs of the mtDNA control region and genotyped for 6 microsatellite loci. Twelve haplotypes were shared between truei-and dalli-types. A neighbor-joining tree of mtDNA haplotypes showed 2 distinctive clades, each containing individuals from both types. This suggests that truei-and dalli-types are forms of the same species. However, at the population level, statistically significant genetic differentiation was found between truei-type and sympatric dalli-type populations. These results argue that differentiation between truei-and dalli-types is at the population level, much in the same way that dalli-type populations differ among each other.
Dall's porpoise, Phocoenoides dalli, is the only recognized species in its genus within the family Phocoenidae, the true porpoises (Rosel et al. 1995) . A special characteristic of the species is its distinctive color pattern (Fig. 1) . The body basically is black, with a conspicuous white oval patch on each side. These patches are joined ventrally and extend from about midbody almost to the flukes (Houck and Jefferson 1999) . Two morphologically distinct forms currently are recognized based on distinguishable color patterns (Fig. 1) . Rice (1998) classifies them as subspecies, P. d. truei and P. d. dalli. In the typical specimen of P. d. truei (truei-type), the white flank patches extend further forward, anterior to the level of the flipper, whereas in P. d. dalli (dalli-type), the patch extends to the anterior insertion of the dorsal fin.
Dall's porpoises are endemic to the North Pacific Ocean and adjacent seas (Fig. 2) . The dalli-type is found throughout the range of the species, from central Japan to the Bering Sea south to California (Jefferson 1988) . The distribution of the truei-type is more restricted, abundant only in the Okhotsk Sea, waters around the Kuril Islands, and off the Pacific coast of northern Japan, depending on the season. Although only 1 truei-type population has been recognized (International Whaling Commission 1991 , several populations of dalli-type have been proposed (International Whaling Commission 1992 , 2002 . Designation of these populations was based on distribution of calving grounds, color pattern, body size, geographical variation in parasite loads, and genetic data.
However, several uncertainties remain with regard to these population divisions (International Whaling Commission 1991) . Figure 2 shows the location of identified calving grounds for the truei-and dalli-type populations. It should be noted that the exact boundaries of calving grounds are not clear, especially in the case of truei-types and of the western populations of dalli-type, which tend to move seasonally. Thus, in the case of truei-type animals, their range is much larger than the calving ground depicted in Fig. 2 . This means that the area of distribution of the truei-type overlaps with the dalli-type populations from the Okhotsk Sea, northwestern North Pacific, and possibly the western Aleutians (Fig. 2) .
Although Dall's porpoise is now widely accepted to be a single valid species, the taxonomic level of separation between the 2 forms always has been controversial (Houck and Jefferson 1999) . Andrews (1911) treated Phocoenoides dalli and P. truei as separate species based on differences in coloration as well as in the shape of the caudal region. However, Wilke et al. (1953) and later Nishiwaki (1972) considered Andrews' evidence for separate species status weak and argued that the differences in skull measurements, vertebral and dental formulae, adult size, and distribution were more indicative of a subspecific relationship. Still other authors identify them as morphs or types (Houck 1976; Kasuya 1982; Kuroda 1954) . The most recent taxonomic review considers them as subspecies based on color pattern (Rice 1998) .
Several lines of evidence support the view that both forms are conspecific. Four of the 5 differentiating characters used by Andrews (1911) are highly variable and occur in both forms (Houck 1976) . Individuals have been examined that appear to be intermediate variations in pigmentation between the 2 forms (Houck 1976) . Mixed schools of both types occur in the northwest North Pacific and Okhotsk Sea (Houck 1976; Kasuya 1978; Miyazaki et al. 1984) . Several authors have reported the existence of fetuses from 1 type in mothers from the other type (Newby 1982; Wilke et al. 1953) . However, these might have been misidentifications due to the different coloration pattern in newborn and full-term fetuses. Fetuses possess a lighter pigment than the adult in the flank area between the base of the flipper and the dorsal fin (Kasuya 1978 (Kasuya , 1982 .
Genetic evidence to date seems to support the view of a single species. An electrophoretic analysis of 19 allozymes showed that all alleles were common to the 2 types, with genetic identity being 99.6% (Shimura and Numachi 1987) .
Advancements in molecular genetic techniques have enabled researchers to readdress the taxonomy of several cetacean genera, such as Delphinus (Rosel et al. 1994) , Tursiops (Curry 1997; LeDuc et al. 1999) and Lagenorhynchus (Cipriano 1997; LeDuc et al. 1999) , identifying the existence of cryptic species in genera previously considered monospecific or even of new Hatched area represents the range of dalli-types, cross-hatched area represents the portion of the range in which truei-types are also present. Shaded areas represent the location of identified calving grounds for truei-and dalli-type populations. Exact boundaries of calving grounds are not known, especially in the case of truei-type animals and of the western populations of dalli-types, which tend to move seasonally. Numbers represent calving grounds for the following populations: 1) northern Okhotsk Sea dalli-type, 2) truei-type, 3) southern Okhotsk Sea dalli-type, 4) western Aleutians dalli-type, and 5) northwestern North Pacific dalli-type.
genera. For example, certain regions of the mitochondrial genome (mtDNA), such as the hypervariable section of the noncoding control region, evolve at a particularly rapid rate (Brown et al. 1979; Moritz et al. 1987) . These qualities make this region especially suitable for reconstructing phylogenetic relationships and population structure (Avise 1994) . This study uses variation in the mtDNA to investigate phylogenetic relationships between the 2 forms of Dall's porpoises and, in conjunction with microsatellite markers, to test for genetic distinctness between the currently proposed truei-type stock and dalli-type animals.
MATERIALS AND METHODS
Samples.-Twenty-three samples of the truei-type were obtained from fishery kills (either by-catches or directed takes). Collection and treatment of samples followed ASM guidelines (American Society of Mammologists 1998). Mitochondrial DNA haplotype and sex of animals are given in Appendix I. Muscle samples were stored frozen at À708C until DNA was extracted. For phylogenetic analyses, these samples were compared to 113 dalli-type specimens that spanned almost the entire known range for the species and that were the subject of a separate study that used the same molecular markers (EscorzaTreviño and Dizon 2000) . On a population scale, comparisons also were made for mtDNA and microsatellite data between the 23 trueitype and the 113 dalli-type animals by a hierarchical analysis of molecular variance (AMOVA) and between truei-type animals and dalli-type populations with ranges that overlap with the truei-type (Okhotsk Sea, northwestern North Pacific, and western Aleutians; n ¼ 70 specimens). Details of samples from these populations are given in Appendix I.
Approximately 650 base pairs (bp) encompassing the proline transfer RNA gene and the hypervariable region I of the control region was amplified using the polymerase chain reaction (PCR) following Kocher et al. (1989) . Both heavy and light strands were cyclesequenced using the PRISM d Rhodamine Terminator Cycle Sequencing Ready Reaction kit (Applied Biosystems Inc., Foster City, California). PCR and sequencing reaction protocols are described in Escorza-Treviño and Dizon (2000) . Sequenced products were purified by ethanol precipitation and then run on an ABI 377 DNA automated sequencer (Applied Biosystems).
Six microsatellite loci (dinucleotide repeats) shown to be polymorphic in several cetacean species were used: EV37, EV94, and EV104 (Valsecchi and Amos 1996) ; Dl17 (Buchanan et al. 1996) ; and Sl849 and Sl1026 (Galver 2002) . DNA fragments encompassing the target microsatellite regions were amplified using PCR, and the fragment size of successful amplification products was estimated with an ABI 377 DNA automated sequencer. Reaction protocols are described in Escorza-Treviño and Dizon (2000) .
Data analysis.-Parsimony, likelihood, and genetic distance-based methods were used to reconstruct the phylogenetic relationships among haplotypes. The computer program PAUP (Swofford 1993) was employed to find trees that require the least number of evolutionary changes using the criteria of maximum likelihood and parsimony. The heuristic search algorithm was used, and all minimum trees were saved. Phylogenetic relationships also were inferred from a minimum spanning network of all the unique haplotypes, constructed with the aid of the computer program MINSPNET (Excoffier and Smouse 1994) . A minimum spanning network interconnects all haplotypes by a series of mutational events derived from a matrix of the number of pairwise nucleotide differences. The result is a network of equally parsimonious paths in which haplotypes are placed both as nodes and branch tips (Excoffier et al. 1992) . As an alternative phylogenetic method, the proportion of differences between haplotypes was used as the genetic distance to construct a neighbor-joining tree (Saitou and Nei 1987) with the aid of the computer program MEGA v. 1.0 (Kumar et al. 1993) .
The extent of population subdivision, both hierarchically between truei-and dalli-type and between truei-type and overlapping dalli-type populations (Okhotsk Sea, northwestern North Pacific, and western Aleutians), was examined using AMOVA (Excoffier et al. 1992 ) with both mitochondrial and microsatellite data. The AMOVA analyses were performed using the program Arlequin (Schneider et al. 2000) to calculate F-statistics (Wright's fixation index- Cockerham and Weir 1993; Wright 1965) for both mitochondrial and microsatellite data and their analogs (U-statistics, which take into account genetic distances among haplotypes) in the case of mitochondrial data. Genetic distances were calculated as the proportion of nucleotide differences between haplotypes. The program also was used to calculate the statistical significance of the observed variance ratios with respect to the null distribution of values, estimated by 1,000 random permutations of individuals across population strata. The P-value of the test is the proportion of permutations that result in an F ST or U ST value ! to the observed value. Genetic variance components were calculated among and within populations. F-statistics and U-statistics indicate what proportion of the genetic variance is due to subdivision into populations determined a priori on the basis of morphological, geographical, or other criteria.
RESULTS
Mitochondrial sequence variation.-Twenty-three specimens of truei-type Dall's porpoises were sequenced and 20 different haplotypes identified, 8 of which (deposited in GenBank database under accession numbers AY239116-AY239123) were not found among the 58 haplotypes present in the 113 dalli-type animals (Escorza-Treviño and Dizon 2000) . No heteroplasmy was detected either in the length (379 bp) or in the nucleotide sequence of the amplified fragment. A single base-pair insertion was located at site number 2 and was present in 2 truei-type animals (haplotypes 2 and 66) and 12 dalli-type animals (5 haplotypes, including haplotype 2). In the analysis comparing sequences from truei-and dalli-type animals, the indel was coded as a transversion and treated as a single base substitution in the calculation of genetic distances. Among the truei-types, 20 of the 25 nucleotide substitutions were transitions (80%). When all available samples were compared (23 truei-and 113 dalli-types), 52 sites were variable and 25 phylogenetically informative.
Mitochondrial genetic diversity.-Nucleotide diversity (average pairwise distance, d-Nei 1987) among the different haplotypes of truei-type Dall's porpoises was similar to the average among dalli-types (Table 1 ). The combined nucleotide diversity was 1.41% (SD ¼ 0.76%). Haplotypic diversity (h-Nei 1987) for truei-types was 98.42% (SD ¼ 1.93%) as compared to 95.72% (SD ¼ 1.11%) overall haplotypic diversity for dallitypes (Table 1) .
Microsatellite genetic variation.-High levels of polymorphism were observed in all microsatellite loci examined. Number of alleles per locus ranged from 15 to 21, and the same loci possessed the least and most alleles present, respectively, in both truei-and dalli-type animals ( Table 2 ). Values of observed heterozygosity for each locus were different among populations but never were below 0.5, consistent with the high levels of polymorphism found in all loci (Table 2) .
Phylogenetic analyses.-The maximum parsimony reconstructions showed several polytomies joining a large number of the haplotypes due to the small number of phylogenetically informative sites (n ¼ 25), the low levels of nucleotide diversity, and high number of distinct haplotypes. Over 1,000 most parsimonious trees were found, and the strict consensus tree provided no phylogenetic resolution (not shown). A maximum likelihood tree, with a score of Àln ¼ 1,073.7127, also showed a large number of polytomies, presented haplotypes found in truei-type animals throughout the tree, and gave no clear phylogenetic resolution (not shown).
Neighbor-joining trees agreed with the maximum likelihood tree and a minimum spanning network both in the number of clades and in the clustering pattern of haplotypes. There was not a strict concordance between clades and geographic origins or morphotype of the samples, with haplotypes grouped into 2 distinct clusters (Fig. 3) . Both clusters contained haplotypes found in both truei-and dalli-type animals as well as unique truei-type (haplotypes 59-66) and dalli-type haplotypes.
Population structure.-Overall, using U ST , almost 9.5% of the total molecular variance was accounted for by stratifying the sample into 8 populations (U ST ¼ 0.0942, P , 0.001). A hierarchical AMOVA with 7 dalli-type populations as 1 group and the truei-type population as another group attributed almost 12% of variation among populations within groups (U SC ¼ 0.1183, P , 0.001), but variation between the 2 groups (the 2 morphotypes) was not statistically significant (U CT ¼ À0.0845, P ¼ 0.876). A smaller fraction of the overall variance was explained using F ST (F ST ¼ 0.0286, P ¼ 0.002), again with no statistically significant variation between the 2 groups (F SC ¼ 0.0359, P , 0.001; F CT ¼ À0.0227, P ¼ 0.875). A similar pattern was observed with microsatellites (F SC ¼ 0.0094, P ¼ 0.004; F CT ¼ À0.0052, P ¼ 0.906).
Statistically significant levels of genetic subdivision for U ST resulted from pairwise comparisons of haplotypes between truei-type animals and overlapping dalli-type populations from 
3.-Unrooted neighbor-joining tree of the 66 haplotypes of Dall's porpoise found in this study. Distances were measured as proportion of differences between haplotypes. Haplotypes found in Phocoenoides truei-type specimens are noted as follows: a triangle for haplotypes shared with P. dalli-type, circle for haplotypes unique to truei-type animals, no symbol for haplotypes unique to dalli-type.
the northwestern North Pacific (U ST ¼ 0.0972, P ¼ 0.035) and the western Aleutians (U ST ¼ 0.1064, P ¼ 0.048; Table 3 ). Pairwise comparisons between truei-type animals and the Okhotsk Sea dalli-type population were not statistically significant (U ST ¼ 0.0355, P ¼ 0.160; Table 3 ). No statistically significant comparisons were found for F ST . Statistically significant levels of genetic subdivision for F ST using microsatellite data resulted only for pairwise comparisons between truei-type animals and the dalli-type population from northwestern North Pacific (F ST ¼ 0.0215, P ¼ 0.012; Table 4 ). Pairwise comparisons between truei-type animals and the 2 other overlapping dalli-type populations were statistically nonsignificant (Table 4) .
DISCUSSION
Mitochondrial genetic variation.-High levels of genetic variation (h ¼ 98.42%) were observed in the haplotype distribution of truei-type Dall's porpoises, similar to those previously found in dalli-types only (Escorza-Treviño and Dizon 2000) . However, the combined nucleotide diversity (d ¼ 1.41%) was less than that reported between closely related species of cetaceans within the same ocean basin. Rosel et al. (1994) and Curry (1997) reported values of 2.1% for common dolphins (Delphinus delphis and D. capensis) and 2.7% for bottlenose dolphins (Tursiops truncatus and T. aduncus). The high haplotypic diversity found in Dall's porpoises stems from the existence of a very high proportion of unique haplotypes that differ by only a small number of bases.
Phylogenetic analyses.-The phylogenetic signal derived from the presence of mitochondrial haplotypes from truei-type animals in both clusters shown in the minimum spanning network (Fig. 4) provides information about the history and origin of this population. One of the main features of this network is the presence of several starlike phylogenies in which the most common and phyletically central haplotypes (1, 17, and 25) appear as radiation origins that give rise to other rarer haplotypes. The simpler starlike cluster around haplotype 1 appears to be more derived than the more reticulated, more diverse, and thus presumably more ancient clade around haplotypes 17 and 25 (Escorza-Treviño and Dizon 2000). The fact that haplotypes from truei-type animals occupy both the more ancient and the more derived clusters in the minimum spanning network suggests a long history of gene flow between both morphotypes, which may be ongoing. This, the absence of fixed sequence differences between truei-and dalli-type haplotypes, and the existence of shared haplotypes between the 2 forms suggest a lack of reproductive isolation between the 2 morphotypes of Dall's porpoise. This supports the view that the 2 forms are conspecific.
Population structure.-Hierarchical analyses of variance of the mitochondrial control region and microsatellite loci between truei-and dalli-type animals did not show statistically significant levels of differentiation. However, at the population level, truei-type animals show statistically significant genetic differentiation (Tables 3 and 4 ) from the overlapping dalli-type populations in the western North Pacific and the western Aleutians, much in the same way as dalli-type populations differ from each other.
Interestingly, 3 separate populations of Dall's porpoises are recognized currently in the Okhotsk Sea, 2 of dalli-type and 1 of truei-type animals (International Whaling Commission 1992;  Fig. 2 ). However, no genetic differences were found either between the 2 dalli-type populations proposed by the International Whaling Commission (Escorza-Treviño and Dizon 2000) or between truei-types and dalli-types in the Okhotsk Sea (Tables 3 and 4) . This inability to discriminate between populations in the Okhotsk Sea does not constitute, in itself, proof of the absence of structure, especially when considering the relatively small number of samples, which severely limits the power of the analysis to detect differentiation (Dizon et al. 1995; Peterman 1990) . It also is possible that the interruption of gene flow between both morphotypes in this area is very recent. If the difference in color pattern between the 2 morphotypes plays an important role as a social signal during mating, it is possible that social selection is taking place at a faster rate than genetic differentiation at the studied markers. In this case, a recently initiated restriction to gene flow could have taken place. While demographic differentiation is occurring, there will exist a time lag before it results in genetic change (Palumbi et al. 1991 ). In such a scenario, F-statistic values would increase very slowly after a reduction or termination of migration (Rocha Olivares 1998). The use of fast-evolving markers, such as microsatellites, would not diminish the lag time between demographic and genetic differentiation (Bruford and Wayne 1993) . As with many widespread marine mammals, there is a high degree of geographic variation within Dall's porpoise. While the degree of morphological (pigmentation) variation is described at the subspecific level, there exists no evidence using the genetic markers analyzed to consider the truei and dalli morphotypes as evolutionarily distinct. Rather, the genetic data reveal population-level differentiation between truei-type and overlapping populations of dalli-types, much in the same way that dalli-type populations differ among each other.
